Subtercola lobariae sp. nov., an actinobacterium of the family Microbacteriaceae isolated from the lichen Lobaria retigera 
During a culture-dependent study on lichen-associated bacteria, one actinobacterial strain, designated 9583b
T , was isolated from the lichen Lobaria retigera. Preliminary analysis of the 16S rRNA gene sequences revealed that the isolate was phylogenetically close to the genera Subtercola and Frondihabitans. At the time of writing, the genus Subtercola [1] comprises two species, Subtercola boreus and Subtercola frigoramans, while the genus Frondihabitans [2] contains four species, Frondihabitans australicus [3] , Frondihabitans cladoniiphilus [4] , Frondihabitans peucedani [5] and Frondihabitans sucicola [6] . The type strains of the two species of the genus Subtercola were isolated from permanently cold groundwater in Finland, while the type strains of the species of the genus Frondihabitans were isolated from decaying leaf litter, thallus of the reindeer lichen, rhizosphere soil and sap of Acer mono. The present study deals with the characterization and taxonomic affiliation of the newly isolated lichen-associated strain in the family Microbacteriaceae of the class Actinobacteria.
Samples of Lobaria retigera were collected from Jiaozi Snow Mountain (25.86 N 102.81 E), Yunnan Province, China during November 2012. The medullary layers of the lichen samples were obtained by gently scraping off the cortex layers using a sterile razor blade under a light microscope, and ground in a mortar containing 1 ml sterile distilled water. The suspension obtained was then decimally diluted to 10 À5 concentration using sterile distilled water. Aliquots (100 µl) of each dilution were spread onto potato dextrose agar (PDA) plates and incubated at 25 C for 3 weeks. Morphologically distinct colonies appearing on the plates were selected and purified by repeatedly streaking on PDA plates.
Strain 9583b
T was routinely grown on ISP2 agar (International Streptomyces Project medium 2, [7] ) or cultured in ISP2 broth at 25 C. The strain was preserved in ISP2 broth supplemented with 20 % (v/v) glycerol at À80 C. The reference strains Subtercola frigoramans DSM 13057 T , Frondihabitans australicus DSM 17894 T and Frondihabitans peucedani DSM 22180 T were procured from the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ, Braunschweig, Germany) and routinely cultured on ISP2 agar or in ISP2 broth at 25 C.
Genomic DNA of strain 9583b T was extracted using a commercial kit (BioTeke). The 16S rRNA gene sequence of strain 9583b
T was amplified using the primer pair 27F and 1492R [8] , purified and sequenced at Biosune (Shanghai, China) using an automated DNA sequencer (model 3730; Applied Biosystems). The 16S rRNA gene sequence obtained was subjected to similarity-based BLAST analyses [9] against GenBank and Eztaxon-e databases [10] . Pairwise sequence similarity values were calculated through the EzTaxon-e server (www.ezbiocloud.net; [10] ) using the global alignment algorithm. Multiple sequence alignment and phylogenetic analysis were conducted using MEGA software version 5 [11] . Phylogenetic trees were generated by employing the neighbour-joining [12] , maximumlikelihood [13] and maximum-parsimony [14] algorithms. Evolutionary distances were calculated according to Kimura's two-parameter model [15] and bootstrap analyses were performed based on 1000 replications. C. Cellular fatty acids were analysed by gas chromatography (6890; Hewlett Packard) and identified using the Sherlock Microbial Identification System (version 4.5 and the TSBA40 database). Analysis of 1,1-dimethyl-alkanes were done with the help of the Identification Service of the DSMZ (Braunschweig, Germany). The preparation of samples is according to the standard method given in MIDI Technical Note 101 [16] . Extraction and analysis of polar lipids were done according to Komagata and Suzuki [17] . Lipid spots on the TLC plates were visualized by spraying with ethanolic molybdophosphoric acid (total lipids), ninhydrin (aminolipids) and Zinzadze reagent (phospholipids). Quinones were extracted as indicated by Komagata and Suzuki [17] and identified using liquid chromatography-mass spectrometry (LC-MS; Dionex Ultimate 3000 HPLC connected to a Bruker Impact HD mass spectrometer). Peptidoglycan analyses were done using the Identification Service of the DSMZ according to published protocols [18] . Genomic
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Rathayibacter festucae DSM 15932 T (AM410683) DNA for determination of G+C content was extracted using the method of Marmur [19] . DNA G+C content was determined using the thermal denaturation method [20] on a Beckman DU800 spectrophotometer.
Major fatty acids (>5 %) of strain 9583b
T comprised anteiso-C 15 : 0 (68.8 %), C 14 : 0 2-OH (10.3 %) and iso-C 16 : 0 (6.7 %) ( Table 1 ). The 1-1-dimethoxy-alkanes of strain 9583b
T included 1,1-dimethoxy-anteiso-pentadecane (a-15 : 0 DMA, 9.68 %), 1,1-dimethoxy-iso-hexadecane (i-16 : 0 DMA, 6.93 %), 1,1-dimethoxy-anteiso-heptadecane (a-17 : 0 DMA, 2.64 %) and 1,1-dimethoxy-iso-pentadecane (i-15 : 0 DMA, 1.46 %) ( Table 2 ). The peak of 17.83 in the equivalent chain length of strain 9583b T remained unidentified. Polar lipids of strain 9583b
T consisted of major amounts of phosphatidylglycerol (PG), diphosphatidylglycerol (DPG) and two unidentified glycolipids (GLs), and moderate amounts of three unidentified phospholipids (PLs) and three unidentified glycolipids (GL) (Fig. S3) . The peptidoglycan type of strain 9583b
T was determined to be B2g [21] , with 2,4-diaminobutyric acid (DAB) as the diagnostic diamino acid and D-glutamic acid (D-Glu) at position 2 being partially replaced by 3-hydroxyglutamic acid (Hyg). The respiratory quinone detected for strain 9583b
T was menaquinone 10 (MK-10). The genomic DNA G+C content of strain 9583b T was determined to be 66.8 mol%.
Cell morphology was observed by transmission electron microscopy (JEM-100CX II; JEOL) using cells grown in ISP2 broth at 25 C for 3 days and negatively stained with 1 % phosphotungstic acid. Temperature (4, 10, 15, 20, 25, 28, 30 , 35 and 37 C) and pH (5.0-10.0, at 0.5 pH unit intervals) ranges for growth were measured in ISP2 broth. The pH of the medium was adjusted using 50 mM of the following buffers: MES (for pH 5.0-6.0), MOPS (for pH 6.5-7.0), Tris (for pH 7.5-8.5) or CHES (for pH 9.0-10.0). Anaerobic growth was checked in Hungate tubes using ISP2 broth supplemented with potassium nitrate (0.1 %, w/v), cysteine hydrochloride (0.05 %, w/v) and sodium sulfide (0.05 %, w/v). Gram-staining was performed using Hucker's method [22] . Oxidase activity was gauged with the aid of oxidase test strips (Merck). Catalase activity was observed by the formation of bubbles on the cultures following addition of a drop of 3 % (v/v) hydrogen peroxide solution. DNase activity was detected using Oxoid DNase agar. Hydrolysis of casein (1 %, w/v), starch (1 %, w/v), CM-cellulose (1 %, w/v) or Tween 80 (1 %, v/v) were determined on a synthetic medium [0.1 % tryptone (Oxoid), 0.05 % yeast extract (Oxoid), 0.1 % NaCl, 1.5 % agar, 1 l distilled water, [23] ] containing the different substrates. Carbon-source utilization and chemical sensitivity assays were performed using Biolog GenIII MicroPlates following the manufacturer's instructions. Additional biochemical characteristics and enzymatic activities were determined using API 20NE and API ZYM strips (bioM erieux) following the manufacturer's instructions. *Summed features represent groups of two or more fatty acids that could not be separated using the MIDI system. Summed feature 1 comprised iso-C 15 : 1 h and/or C 13 : 0 3-OH. Cells of strain 9583b T were Gram-stain-positive, non-flagellated, irregular and short rods (Fig. S4) . Detailed phenotypic characteristics including morphological, physiological and biochemical traits are given in the species description. Differential characteristics of strain 9583b
T from closely related type strains are shown in Table 3 .
The fatty acid profile of strain 9583b
T is similar to that of the closely related phylogenetic neighbour Subtercola frigoramans, while being different from those of Frondihabitans australicus and Frondihabitans peucedani ( Table 1) . The chemotaxonomic profile of 1,1-dimethoxy-alkanes of the strain 9583b T was found to be similar in patterns with Subtercola frigoramans and Subtercola boreus, but differs from Agreia pratensis ( [24] ; Table 2 ). The profiles of major fatty acids and 1,1-dimethoxy-alkanes indicates similarity of strain 9583b
T with members of the genus Subtercola. The polar lipids of strain 9583b T (PG, DPG and glycolipids) 
Utilization of (Biolog GENIII): were prevalent among the known members of the genus Subtercola [1] , and further indicates affiliation of the novel strain to the family Microbacteriaceae [25] . The respiratory quinones for type strains of Subtercola boreus and Subtercola frigoramans were MK-10 and MK-9, but in the case of strain 9583b T was only MK-10. The menaquinone is obviously different from those of species of the genus Frondihabitans (MK-8 and MK-7) [3] [4] [5] . The DNA G+C content for the novel strain is within the limit described for the genus Subtercola [1] . Based on the phylogenetic, chemotaxonomic and phyenotypic characterization, strain 9583b
T represents a novel species of the genus Subtercola, for which the name Subtercola lobariae sp. nov. is proposed.
DESCRIPTION OF SUBTERCOLA LOBARIAE SP. NOV.
Subtercola lobariae (lo.ba¢ri.ae. N.L. gen. n. lobariae of the lichen Lobaria retigera).
Cells are Gram-stain-positive, aerobic, irregular rods (0.5-0.6 um in width and 0.7-1.0 um in length), non-flagellated, oxidase-negative and catalase-positive. Colonies are white, circular (3-5 mm in diameter), smooth and convex with entire margins after incubation on ISP2 agar at 20 C for 3 days. Growth occurs at 4-28 C (optimum 20 C) and at pH 4.0-8.0 (optimum pH 6.0). Hydrolyses Tween 80 (weakly) but not casein, CM-cellulose, DNA or starch. In the API ZYM tests, positive for leucine arylamidase, valine arylamidase, trypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-glucosidase, b-glucosidase, a-mannosidase, esterase lipase (C8) (weakly), cystine arylamidase (weakly) and b-galactosidase (weakly) activities. In the API 20NE test, positive for acid production from glucose, aesculin hydrolysis, b-galactosidase and assimilation of glucose, arabinose, mannose and phenylacetate, but negative for nitrate reduction, indole production, arginine dihydrolase, urease, gelatinase and assimilation of mannitol, N-acetylglucosamine, maltose, gluconate, caprate, adipate, malate and citrate. In the Biolog GENIII MicroPlate assay, utilizes dextrin, cellobiose, gentiobiose, melibiose, D-salicin, a-D-glucose, D-mannose, D-galactose, myo-inositol and glycerol. Resistant to nalidixic acid, aztreonam, 1 % sodium lactate and potassium tellurite, and susceptible to fusidic acid, Dserine, troleandomycin, rifamycin SV, minocycline, lincomycin, vancomycin, guanidine HCl, niaproof 4, tetrazolium violet, lithium chloride, sodium butyrate and sodium bromate. The peptidoglycan type is B2g. The polar lipids are PG, DPG, five unidentified glycolipids and three unidentified phospholipids. The major cellular fatty acids are anteiso-C 15 : 0 , C 14 : 0 2-OH and iso-C 16 : 0 . The 1,1-dimethoxy-alkanes consist of large amounts of a-15 : 0 DMA and i-16 : 0 DMA.
The type strain, 9583b
T (=CGMCC 1.12976 T =DSM 103962 T =KCTC 33586 T ), was isolated from specimens of the lichen Lobaria retigera collected from Jiaozi Snow Mountain, Yunnan Province, China.The genomic G+C content of the type strain is 66.8 mol%. The respiratory lipoquinone of the type strain is MK-10.
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